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Abstract 

BACKGROUND: Alcoholic fermentation of fruits has generated novel products with 

high concentrations of bioactive compounds and moderate alcohol content. The aim of 

this study was to evaluate the potential effect on cardiovascular risk factors of the 

regular consumption by healthy humans of a beverage obtained by alcoholic 

fermentation and pasteurization of orange juice.  

RESULTS: Thirty healthy volunteers were enrolled in a randomized controlled study. 

The experimental group (n=15) drank 500 mL orange beverage (OB) day-1 for 2 weeks 

(intervention phase), followed by a 3-week washout phase. Blood samples were 

collected at baseline (E-T0) and at the end of the intervention (E-T1) and washout (E-

T2) phases. Controls (n=15) did not consume OB during a 2-week period. OB intake 

significantly increased ORAC (43.9%) and reduced uric acid (-8.9%), CAT (-23.2%), 

TBARS (-30.2%), and C-reactive protein (-2.1%) (E-T1 vs. E-T0). These effects may 

represent longer-term benefits, given the decreased uric acid (-8.9%), CAT (-34.6%), 

TBARS (-48.4%), and oxidized LDL (-23.9%) values recorded after the washout phase 

(E-T2 vs. E-T0).  

CONCLUSION: The regular consumption of OB improved antioxidant status and 

decreased inflammation state, lipid peroxidation, and uric acid levels. Thus, OB may 

protect the cardiovascular system in healthy humans and be considered a novel 

functional beverage. 

Keywords: Orange fermented beverage; bioactive compounds; antioxidant status; lipid 

peroxidation; inflammation status; healthy humans  
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INTRODUCTION 

Over recent years, there has been increasing interest in the consumption of foods with 

potential beneficial health effects beyond their nutritional impact.1 Orange juice 

consumption has become a worldwide dietary habit, accounting for 60% of all fruit 

juice and juice-based drinks consumed in Western Europe.2 Orange juice is valued for 

its nutritional content3 and as a rich source of bioactive compounds such as flavanones 

(hesperetin and naringenin, predominantly as glycosides),4 carotenoids (xanthophylls, 

cryptoxanthins, carotenes),5 and melatonin.6 These compounds have been found to exert 

antioxidant, hypotensive, vasodilator, anti-inflammatory, and hypolipidemic effects, 

among others.7-9 Furthermore, numerous epidemiological and intervention studies have 

demonstrated the protective and therapeutic role of regular orange juice consumption 

against chronic diseases, including cardiovascular disorders, diabetes, obesity, and 

cancer.3,10-12 Observations of these beneficial effects of orange juice have increased 

research interest in technological treatments to preserve or enhance the bioactive 

compounds it contains.13,14 Alcoholic fermentation of various types of fruit,15,16 has 

generated new products with moderate alcohol content and a higher concentration of 

bioactive compounds than in the original substrate. Thus, our group found that a novel 

fermented orange beverage (OB) possessed a larger amount of flavanones, carotenoids, 

provitamin A, and melatonin and a greater antioxidant capacity in comparison to the 

original juice.17-19 Intervention studies in mice with induced metabolic syndrome and 

healthy mice suggested that regular consumption of OB might provide greater 

protection against cardiovascular risk factors versus the original juice through possible 

synergistic effects between the bioactive compounds and moderate alcohol contents.20,21 

The above results support the status of OB as a new functional beverage. The aim of the 

present study was to evaluate the potential beneficial effects of regular OB consumption 
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on cardiovascular risk factors by determining the antioxidant status, lipid metabolism, 

lipid peroxidation, endothelial function, and inflammatory response in healthy humans 

before and after their consumption of 500 mL OB per day for 14 days.  

MATERIALS AND METHODS 

Reagents and chemicals 

Reagents and chemicals were purchased from Sigma-Aldrich (St. Louis, MO), while 

hesperetin-7-O-rutinoside, naringenin-7-O-rutinoside, isosakuranetin-7-O-rutonoside, 

and apigenin-8-C-glucoside were purchased from Extrasynthese (Genay Cedex, 

France). 

Orange beverage: Production and composition 

Grupo Hespérides Biotech S.L. and Mitra Sol Technologies S.L. produced the OB using 

a commercial orange juice from Citrus sinensis L. var. Navel late (Huelva, Spain). Its 

controlled alcoholic fermentation was carried out for 10 days at 22 ºC in 100 L stainless 

steel tanks (semi-industrial scale) under aseptic conditions using Saccharomycetaceae 

var. Pichia kluyveri, previously isolated from the natural microbiota in orange fruit. 

This yeast strain ferments reducing sugars alone, giving the final product a low alcohol 

content (1% v/v) and sweet taste. The fermented juice was then pasteurized (25 L h-1) at 

80 °C for 30 s in a semi-industrial tubular pasteurizer (Mipaser Prototype, Murcia, 

Spain) and then cooled to 10 °C in an ice-water-bath. Next, the beverage underwent 

carbonation up to a pressure of 0.44 x 105 Pa and was aseptically poured into aluminum 

containers (250 mL), which were stored at 4 °C until their consumption. The quality 

parameters, nutritional composition, bioactive compound profile, and antioxidant 

activity of OB were obtained using the methodology described by Escudero-López et 

al.,17 Cerrillo et al.,18 OIV,22 Collado-González et al.,23 and Escudero-López et al.24 

Subjects 
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Thirty healthy volunteers (9 men and 21 women) with meanSEM age of 33.9  6.9 

years and body mass index (BMI) of 23.6  3.6 kg m-2 were enrolled in the study after 

the application of study eligibility criteria. Evaluation of the health status of volunteers 

was based on their medical history, anthropometric measurements, and routine 

laboratory tests. A lifestyle questionnaire and a 3-day food record were used to examine 

the healthy habits of the participants. Exclusion criteria were: 1) the presence of chronic 

diseases (cardiovascular diseases, diabetes, cancer, chronic obstructive pulmonary 

disease, metabolic syndrome), overweight, and/or kidney or liver failure; 2) abnormal 

baseline blood test results; 3) intake of any medication or nutritional supplement during 

the previous 4 weeks; 4) any smoking habit; and 5) alcohol consumption of >2 drinks 

day-1. All participants gave their oral and written informed consent to participate in the 

study, which was conducted in accordance with the principles of the Declaration of 

Helsinki and approved by the Clinical Research Ethical Committee of Virgen del Rocío 

Hospital (IEC 2013PI/022). 

Experimental design 

A randomized, controlled trial was conducted, studying experimental and control 

groups in parallel (Fig. 1). The experimental group (n=15) was instructed to drink 500 

mL day-1 (two 250-mL cans) of OB during a two-week period (intervention phase) 

followed by a three-week period with no OB intake (washout phase). Blood samples 

were drawn after overnight fasting at the beginning (E-T0) and end (E-T1) of the 

intervention phase and at the end of the washout phase (E-T2). The control group 

(n=15) did not consume OB for two weeks, and blood samples were drawn after 

overnight fasting at the beginning (C-T0) and end (C-T1) of this period. The volunteers 

were told not to change their lifestyles, diet, or level of physical activity during the 
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intervention but to limit their beer or wine intake to a maximum of 6 portions per week 

and to avoid any intake of spirits over the study period. 

Blood sample collection and handling 

Blood samples (20 mL) were drawn from the antecubital vein with subjects in seated 

position and was immediately collected and centrifuged for 20 min (12000 x g; 4 °C). 

Resulting samples (plasma and erythrocytes) were divided into 0.5 mL aliquots and 

frozen at -80 °C until analysis. Glucose, insulin, creatinine, glutamic oxaloacetic 

transaminase (GOT), glutamic-pyruvic transaminase (GPT), hemoglobin, and red blood 

cell levels were determined by the clinical laboratory of Virgen del Rocío Hospital 

using routine tests. 

Anthropometric measurements 

Anthropometric measurements were obtained while participants were barefoot and 

wearing only nonrestrictive undergarments. A SECA 780 digital scale balance (SECA, 

Barcelona, Spain) was used to measure body weight and height, from which the BMI 

(kg m-2) was calculated. A SECA 201 flexible tape (SECA) was used to measure waist 

circumference (WC) around the narrowest portion of the torso.  

Antioxidant Status 

Antioxidant status was assessed by determining plasma antioxidant capacity (PAC), 

levels of endogenous antioxidant compounds (albumin, bilirubin, uric acid, glutathione), 

and antioxidant enzyme activities (catalase (CAT), superoxide dismutase (SOD), 

glutathione peroxidase (GPx), and glutathione reductase (GR)). 

PAC was evaluated by means of the oxygen radical absorbance capacity (ORAC) and 

ferric reducing antioxidant power (FRAP) assays. The ORAC assay was performed 

according to Ou et al.25 diluting plasma samples (1:1000) in phosphate buffer (75 mM, 

pH 7.4), while the FRAP assay followed the method of Delgado-Andrade et al.26 
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diluting plasma samples (1:8) in distilled water. PAC measurements were recorded on a 

SynergyTM HT-multimode microplate reader (Biotek Instruments, Winooski, VT).  

Plasma levels of the endogenous antioxidant compounds albumin, bilirubin, and uric 

acid were measured by enzymatic spectrophotometry using a Roche Cobas C 701 

Modular Analyzer (Roche Diagnostics, Madrid, Spain), while glutathione was 

determined in plasma samples using a commercial kit (Cayman Chemical Company, 

Midland, MI), recording the measurements on a SynergyTM HT-multimode microplate 

reader (Biotek Instruments).  

CAT, SOD, GPx, and GR activities in red blood cells were determined according to 

Cohen and Somerson,27 McCord and Fridovich,28 Carmagnol et al.,29 and Cribb et al.,30 

respectively. Samples were homologized in a 1:4 (v:v) water milliQ solution, vortexed 

for 5 s, and centrifuged for 30 min (14000 x g; 4 °C); resulting supernatants were 

collected and stored at −80 °C until analysis. Total protein content was assessed by the 

standard Bradford procedure.31 Measurements were recorded on a SynergyTM HT-

multimode microplate reader (Biotek Instruments).  

Lipid metabolism 

Plasma levels of total cholesterol (TC), LDL, HDL, and triglycerides (TG) were 

measured with CHOD-PAP, LDL-C-plus, HDL-C-plus, and GPO-PAP kits (Roche 

Diagnostics), respectively, using a Roche Cobas 8000 Modular Analyzer (Roche 

Diagnostics). Plasma concentrations of apolipoproteins (apo) A-I and B were measured 

using commercial available kits (Cayman Chemical Company and Cloud Clone 

Corporation, Houston, TX, respectively). Measurements were recorded on a SynergyTM 

HT-multimode microplate reader (Biotek Instruments).  

Lipid peroxidation  
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Lipid peroxidation was evaluated by determining levels of thiobarbituric acid reactive 

substance (TBARS) and oxidized LDL (oxLDL). TBARS was measured in hemolyzed 

erythrocyte samples according to Buege and Aust32 expressing the results as 

malondialdehyde (MDA) concentrations. Plasma oxLDL concentrations were measured 

using a commercial kit (Cell Biolabs Inc., San Diego, CA). TBARS and oxLDL 

measurements were recorded on a SynergyTM HT-multimode microplate reader (Biotek 

Instruments). 

Endothelial function and inflammation status biomarkers 

Plasma concentrations of soluble vascular cell adhesion molecule 1 (sVCAM-1) and 

soluble intercellular adhesion molecule 1 (sICAM-1) were measured with commercial 

kits (R&D Systems, Minneapolis, MN). Circulating cell-free DNA (cf-DNA) was 

automatically extracted from plasma samples (1 mL) using a Compact MagnaPure 

Instrument (Roche Diagnostics) and was resuspended in a final volume of 90 μL of 

RNase/DNase-free. The serum cf-DNA template was amplified in a total reaction 

volume of 20 μL using a qRT-PCR assay for the β-globin sequence on a Light-Cycler-

480 instrument (Roche Diagnostics), following the manufacturer’s instructions. The β-

globin Taqman system uses the following primers: β-globin-354F (5′-GTG CAC CTG 

ACT CCT GAG GAG A-3′); β-globin-455R (5′-CCT TGA TAC CAA CCT GCC 

CAG-3′); and a dual-labeled fluorescent Taqman probe β-globin-402T (5′-(FAM) AAG 

GTG AAC GTG GAT GAA GTT GGT GG (TAMRA)-3′). Amplification was carried 

out over 48 cycles at 95 ºC for 5 min and at 62 °C for 20 min. A negative reaction and 

blank control were included to detect any contamination. A conversion factor of 6.6 pg 

of DNA per cell was used to express the result as copy number or genome equivalents 

(GE mL-1). Endothelial cell-derives microparticles (EMPs) were measured by 

incubating plasma samples for 15 min with a monoclonal antibody against FITC labeled 
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anti-CD31 antibody (BD Bioscience, San Jose, CA) and anti-CD41-Pacific Blue, 

followed by incubation for 20 min with phycoerythrin-conjugated Annexin V kits 

according to the manufacturer's instructions (BD Bioscience). CD31-FITC and CD41-

Pacific Blue were used to differentiate between CD31+CD41+ platelet-derived 

microparticles (PMPs) and CD31+CD41– EMPs. The negative control (zero value) was 

obtained using the isotype antibodies. After the addition of flow count calibrator beads 

(Beckman Coulter, Villepinte, France), MPs were identified as events with a 0.1-1 μm 

diameter on forward light scatter (FSC) and side-angle light scatter (SSC) intensity dot 

plot representation in comparison to flow cytometry calibration beads (Flowcount® 

calibrator beads, Beckman Coulter, Marseille, France); a BD LSR Fortessa flow 

cytometer (BD Bioscience) was employed for these analyses. Plasma concentrations of 

the inflammation status biomarker C-reactive protein (CRP) was determined using a 

commercial kit (Immundiagnostik AG, Bensheim, Germany), and measurements were 

recorded on a SynergyTM HT-multimode microplate reader (Biotek Instruments). 

Statistical analyses 

All measurements were analyzed in triplicate. Data are expressed as mean±SEM. The 

Shapiro-Wilk test was used to assess the normal distribution. In order to evaluate the 

effects of OB consumption by the experimental group over time, variables with a 

normal distribution were compared using a one-way analysis of variance (ANOVA) for 

repeated measures (at E-T0, E-T1, and E-T2); when a significant main effect was found,  

the Bonferroni test of multiple comparisons was applied to identify differences between 

means. Variables with a non-normal distribution were compared using the Friedman 

test. In the control group, variables were compared between C-T0 and C-T1, using 

paired t-test when their distribution was normal and the Wilcoxon test when it was not. 
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P<0.05 was considered significant. SPSS version 22 (IBM SPSS Armonk, NY) was 

used for the statistical analyses 

RESULTS AND DISCUSSION 

This study is the first long-term randomized trial conducted in humans to evaluate the 

effects on cardiovascular risk factors of a fermented and pasteurized orange beverage 

(OB) with low alcohol content (1 % v/v). OB was found to contain a large amount of 

bioactive compounds, including phenolic compounds (836 nmol L-1) and carotenoids 

(17.8 mol L-1) (Table 1). The phenolic profile of OB was characterized by the 

presence of 8 flavanones, 2 flavones, and one hydroxycinnamate. Hesperidin (445 nmol 

L-1) and narirutin (133 nmol L-1) were the most abundant phenolic compounds, and the 

sum of the individual flavanones accounted for the 79.8% of the phenolic content. Total 

flavones reached a value of 17.1% of the total phenolics. A total of 13 carotenoids were 

present in OB. The following pigments accounted for principal content: karpoxanthin 

(1.60 mol L-1), neochrome (1.41 mol L-1), auroxantin (4.33 mol L-1), 

mutatoxantin (2.77 mol L-1), (all-E)-zeaxantin (1.81 mol L-1), -cryptoxanthin 

(2.43 mol L-1), and -carotene (1.41 mol L-1) (accounting 88,5% of the total 

carotenoids). In addition, there is a remarkable presence of carotenoids with provitamin 

A activity (β-carotene, α-carotene, and β-cryptoxanthin). The provitamin A value 

obtained for OB was 71 RAEs L-1. On the other hand, ORAC and FRAP values 

revealed a high antioxidant capacity of OB. Selection of the OB intake for participants 

(500 mL day-1) was based on a previous study in healthy mice which found that the 

consumption of OB equivalent to an intake of 500 mL day-1 in humans produced a 

greater enhancement in their antioxidant status in comparison to an intake 

corresponding to 250 mL day-1 in humans.20  
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There were no significant differences in baseline biomarker levels between the 

experimental (n=15) and control (n=15) groups. All 30 participants complied with all 

evaluation procedures, and no individual in the experimental group reported any 

difficulty with the daily intake of OB required or showed any adverse effect from its 

consumption. Consumption of 500 mL day-1 OB represented an additional daily intake 

of 160 Kcal with 24 g of total sugars (Table 1). Nevertheless, this intake did not 

produce any significant change over the study period in body weight, WC, plasma 

concentrations of glucose, insulin, or renal/liver function biomarkers (creatinine, GOT 

and GPT) (Table 2), in line with previous findings reporting that the daily intake of 

orange juice does not affect these parameters.12,33-35 As expected, control individuals, 

who did not consume OB, showed no significant changes in any of these parameters. 

Effect of OB consumption on antioxidant status  

Table 3 exhibits values of antioxidant status biomarkers in the experimental group 

before (E-T0) and after (E-T1) 2 weeks of OB consumption and at the end of the 3- 

week washout period (E-T2), as well as in the control group (C-T1 vs. C-T0). OB intake 

significantly increased ORAC values (43.9%; P<0.01) during the intervention phase (E-

T1 vs. E-T0). After the washout phase (E-T2), these values were similar to those at 

baseline (E-T0). No change in ORAC values was observed in the control group. This 

positive effect of OB may be attributable to the antioxidant activity in plasma of 

intestinally absorbed flavonoids and carotenoids or their derived metabolites. 

Hesperidin has been described as responsible for improving PAC.36 A significant 

increase in ORAC values was also observed after consumption by healthy humans of 

200 mL day-1 orange juice for 26 days.37 ORAC values were also increased in 

hypercholesterolemic patients after the consumption of 600 mL day-1 orange juice for 4 

weeks.38 However, no changes were observed in FRAP values, in agreement with 
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previous studies on the effects in healthy humans of consuming 500 mL day-1 orange 

juice for 4 weeks34 or 330 mL day-1 of other antioxidant-rich juices for 2 weeks.39 

Findings on antioxidant capacity may differ among the measurement methods, because 

they are based on distinct types of chemical reaction.40  

Among endogenous antioxidant compounds, uric acid levels were significantly reduced 

after OB intake (E-T1 vs. E-T0: -8.9%; P<0.05) and after washout phase (E-T2 vs. E-

T0: -8.9%; P<0.05) in comparison to baseline values; i.e., the lowering effect of OB 

intake on uric acid levels persisted over time. No change in uric acid levels was 

observed in the control group. It was previously reported that uric acid concentrations 

were significantly reduced after 4 weeks of orange juice consumption (500 mL day-1).34 

This reduction may be related to the intake of vitamin C, given reports of an inverse 

correlation between plasma vitamin C and uric acid concentrations after orange juice 

consumption.2 In addition, it has been observed by other authors that intake of the 

bioactive compounds naringenin and melatonin may also reduce uric acid levels.41,42 

Uric acid is considered an antioxidant compound, whose actions include the inhibition 

of DNA damage.43 It should be noted that the uric acid levels of the subjects drinking 

OB remained within the normal range throughout the study. On the other hand, elevated 

serum uric acid concentrations have been associated with cardiovascular diseases,44 and 

various mechanisms have been proposed for this effect, including increased platelet 

adhesiveness and platelet lysis, vascular endothelial cell injury, the formation of free 

radicals, and oxidative stress. Hence a reduction in plasma uric acid concentrations may 

contribute to the prevention of cardiovascular disorders. OB consumption did not 

change albumin, bilirubin, or glutathione concentrations, which were also reported to be 

unaffected by the consumption of 250 mL day-1 apple or pomegranate juice for 4 

weeks,45 16 fl oz day-1 carrot juice for 3 months,46 or one serving of tomato juice per 
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day for 2 months.47 No changes were observed in the control group except for a 

reduction in glutathione concentrations (C-T1 vs. C-T0: -18.2%; P<0.05), which may be 

attributable to inter-individual variability and the sample size. 

OB consumption produced a significant decrease in CAT activity (E-T1 vs. E-T0: -

23.2%; P<0.05), and the percentage decrease was higher after the washout phase (E-T2 

vs. E-T0: -34.6%; P<0.001). No change in CAT activity was observed in the control 

group. A significant decrease in CAT activity was previously reported after the 

consumption of 500 mL day-1 orange juice for 2 weeks by overweight/obese humans48 

or of 600 mL day-1 orange juice for 4 weeks by men with mild hypercholesterolemia.38 

Hesperidin in orange juice might decrease superoxide anions and consequently the lipid 

peroxide and hydrogen peroxide generated during normal cell metabolism, thereby 

reducing the need for catalase biosynthesis.49 Constant et al.38 related the reduction in 

CAT activity to the intake of vitamin C. In another study, orange juice was found to 

prevent O2
- production by reducing the over-expression of p47phox and the consequent 

increase in NADPH oxidase activity, and this effect was attributed to p38MAP kinase 

inhibition.50 The greater percentage decrease in CAT after the washout phase suggests 

that bioactive compounds in OB exert a persistent long-term effect. However, SOD, 

GPx, and GR activities did not change in either the intervention or control group. It was 

previously observed that SOD and GPx activities were not modified after the 

consumption of 600 mL day-1 orange juice for 4 weeks by men with mild 

hypercholesterolemia,38 or 500 mL day-1 orange juice for 2 weeks by obese/overweight 

humans.48 

Effect of OB consumption on lipid metabolism  

Table 4 compares the values of lipid metabolism biomarkers (TC, LDL, HDL, TG, apo 

A-1, and apo B) among E-T0, E-T1, and E-T2 in the experimental group and between 
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C-T0 and C-T1 in the control group. The intake of OB did not lead to significant 

changes in any parameter. The same results were observed in the control group. It was 

previously found that TC, LDL, HDL, and TG levels were not modified after the intake 

by healthy humans of 500-750 mL day-1 orange juice for 3-8 weeks.10,33,34,51 Varied 

results have been obtained in hypertriglyceridemic/hypercholesterolemic or 

overweight/obese subjects. Foroudi et al.,12 Kurowska et al.52 and Simpson et al.53 

found no significant change in TC, LDL, HDL, TG, apo A-I, or apo B levels after the 

consumption of 250-592 mL day-1 orange juice for 4-13 weeks. However, the 

consumption of 500-750 mL orange juice for 4 weeks,38,52 12 weeks,48 or 60 days33 

produced, respectively, a significant increase in HDL and improvement in apo A-I, 

decrease in TG and apoB, or a decrease in TC and LDL. These discrepancies may be 

related to differences in the volume of orange juice consumed. It is also plausible that 

orange juice might improve the lipid profile more effectively in subjects with 

cardiovascular risk factors. On the other hand, some authors obtained dose-dependent 

increases in TG levels after orange juice consumption due to the triacylglycerol-raising 

effect of fructose intake.10,52,54 The reduction in sugar content produced by the alcoholic 

fermentation process means that OB may be more healthy than the original orange juice 

in relation to the maintenance of TG levels. 

Effect of OB consumption on lipid peroxidation  

Table 4 compares values of lipid peroxidation biomarkers (TBARS and oxLDL) among 

E-T0, E-T1, and E-T2 in the experimental group and between C-T1 and CT-0 in the 

control group. TBARS values were significantly decreased by OB intake (E-T1 vs. E-

T0: -30.2%; P<0.05), and were further reduced after the 3-week washout phase (E-T2 

vs. E-T0: -48.4%; P<0.001). oxLDL levels decreased in the experimental group 

throughout the two phases of the study, and this decrease was significant at the end of 
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the washout phase (E-T2 vs. E-T0: -23.9%; P<0.05). There was no change in oxLDL 

levels in the control group, although a significant decrease in TBARS values was 

observed between C-T1 and C-T0 (-33.1%; P<0.05), which may again be attributable to 

inter-individual variability and the sample size. Several studies also found that orange 

juice consumption had a positive effect on lipid peroxidation biomarkers. The intake of 

240-750 mL day-1 orange juice for 2-8 weeks induced a significant decrease in TBARS 

levels in healthy humans,39,55,56 and consumption of 592–750 mL day-1 orange juice for 

8–13 weeks reduced malondialdehyde levels in overweight humans56 or those with 

hypercholesterolemia and hypertriglyceridemia.12 The bioactive compounds in OB may 

be responsible for this beneficial effect, which has been previously attributed to 

flavonoid compounds57 or carotenoid pigments.58 These compounds with antioxidant 

activity may be incorporated into LDL, react with singlet molecular oxygen and peroxyl 

radicals generated in the process of lipid peroxidation, and become oxidized. In 

addition, the moderate alcohol content of OB might contribute to its beneficial effect on 

lipid peroxidation. It has been shown that light alcohol intake by rats and humans 

upregulates liver paraoxonase 1 mRNA, which inhibits LDL oxidation.59 The trend 

towards more pronounced responses in TBARS and oxLDL values during the washout 

phase than during the intervention period suggests a sustained and possibly long-term 

effect of the bioactive compounds and/or moderated alcohol content in OB. 

Effect of OB consumption on biomarkers of endothelial function and inflammation 

status 

Table 5 compares sVCAM-1, sICAM-1, and CRP levels among E-T0, E-T1, and E-T2 

in the experimental group and between C-T1 and C-T0 in the control group. Endothelial 

function biomarkers sVCAM-1 and sICAM-1 did not change in the experimental or 

control group. These results are in agreement with findings after the consumption of 
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500–600 mL day-1 orange juice for 4 weeks by healthy34 and hypercholesterolemic38 

individuals. EMPs and cf-DNA are two recent markers of endothelial dysfunction 

released into the blood in conditions of systemic endothelial cell damage (apoptosis, 

necrotic death, or cell lysis), and their levels correlate with the degree of endothelial 

dysfunction.60 In clinically healthy individuals, elevated levels of these markers may be 

an early sign of the presence of other cardiovascular risk factors, including impaired 

glucose tolerance, elevated blood pressure, dyslipidemia, systemic inflammation, and/or 

endothelial cell activation.61 Hence, both markers may indicate the prevalence of 

subclinical phases of cardiovascular diseases and predict the development of 

cardiovascular events in asymptomatic patients.62 In our study, levels of EMPs and cf-

DNA were not modified after the intake of OB in the experimental group. In the control 

group, any change was observed. McFarlin et al.63 also found no changes in EMPs 

levels of healthy humans after the consumption of a cocoa bar for 4 weeks. However, a 

significant decrease in EMPs concentrations was reported after the consumption by 

healthy elderly humans of a Mediterranean diet (high source of bioactive compounds 

from fruits and vegetables) for 4 weeks,64 and after the intake of a high-flavanol cocoa 

drink or cocoa bar (high sources of flavanols) by humans with cardiovascular risk 

factors for 1 month.63,65 Results may differ according to the age and prevalence of risk 

factors in the subjects or the bioactive composition of the food assayed. A significant 

decrease in the inflammation biomarker CRP was observed after OB intake in 

comparison to baseline levels (E-T1 vs. E-T0: -2.1%; P<0.05). This effect was not 

sustained during the washout period, finding no significant differences between E-T2 

and E-T0. No change in CRP levels was observed in the control group. Various studies 

have demonstrated the beneficial effect of regular orange juice consumption on CRP 

levels in healthy humans and in those with cardiovascular risk factors. CRP levels were 
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significantly reduced after the intake by healthy individuals of 500-1000 mL day-1 

orange juice for 2-8 weeks35,56,66,67 or the consumption by subjects with increased 

cardiovascular risk (BMI  28 and  2 diagnostic criteria for the metabolic syndrome) 

of 500 mL day-1 orange juice for 1 week68 or by overweight/obese individuals of 500-

750 mL day-1 orange juice for 8-12 weeks.36,56,69 CRP synthesis is stimulated by 

cytokines such as IL-6, IL-1, and TNF-α, whose expressions are regulated by the 

oxidative stress-mediated activation of NF-κΒ. Bioactive compounds of orange juice 

may act as ROS scavengers, inhibiting NF-κΒ activation.70 Further potential 

mechanisms include the participation of bioactive compounds in the activation of Nrf2, 

which is involved in the modulation of antioxidant gene transcription.71 For its part, 

moderate alcohol consumption has also been reported to reduce systemic inflammation 

markers, including CRP, in healthy humans and in those with cardiovascular 

diseases.72,73 Imhof et al.74 also found an association between light-moderate alcohol 

consumption and lower CRP levels, suggesting a U-shaped relationship between these 

parameters in healthy people. Thus, the bioactive compounds and moderate alcohol 

content in OB may both induce a significant decrease in CRP levels. 

Among study limitations, no attempt was made to exclude bioactive compounds from 

the participants’ diet, which was not strictly controlled in order to make the trial more 

realistic, and this may have increased the inter-individual variability in the evaluated 

parameters. Investigations with larger sample sizes, targeting those cardiovascular 

markers altered to a greater extent in the present study, are warranted to obtain more 

definitive results. The study could also be conducted for longer than 2 weeks (1-2 

months) to further explore the effect of the bioactive compounds and moderate alcohol 

content in OB.  

CONCLUSION 
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In this study, we concluded that the regular consumption of 500 mL OB per day may 

protect the cardiovascular system in healthy humans by improving antioxidant status 

through an increase in plasma antioxidant capacity and a decrease in risk factors, e.g., 

inflammation state, lipid peroxidation, and uric acid levels. Beneficial effects of the 

bioactive compounds and/or moderate alcohol content of OB may persist over time, 

given the sustained or more pronounced response in uric acid levels and of lipid 

peroxidation biomarkers observed three weeks after ending OB consumption. These 

results indicate that OB can be considered a novel functional beverage for daily human 

consumption to diminish the likelihood of cardiovascular diseases. Further human 

studies are required to confirm the potential beneficial effects of this new orange 

beverage in the treatment of these diseases. In addition, research is under way on the 

human bioavailability of bioactive compounds in OB in order to establish the profile of 

circulating metabolites that exert cardio-healthy effects. 
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FIGURE LEGEND 

Figure 1. Diagram of randomized, long-term, and controlled intervention study in 

healthy humans.  

Thirty volunteers were enrolled in the study. Experimental (E) (n=15) and control (C) 

(n=15) groups were studied in parallel. The E group was instructed to drink 500 mL 

day-1 of orange beverage (OB) during a two weeks (intervention phase) followed by a 

three-week period with no OB intake (washout phase). Blood samples were drawn after 

overnight fasting at the beginning (E-T0) and end (E-T1) of the intervention phase and 

at the end of the washout phase (E-T2). The C group (n=15) did not consume OB for 

two weeks, and blood samples were drawn after overnight fasting at the beginning (C-

T0) and end (C-T1) of this period. 
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Table 1. Composition of the orange beverage (quality parameters, nutrients, bioactive 

compounds, and antioxidant activity) 

Composition Orange beveragea 

pH 3.48  0.03 

TA (g citric acid L-1) 8.60  0.01 

TSS (ºBrix) 9.01  0.14 

% Pulp 5.65  0.22 

Alcohol (% v/v) 0.90  0.15 

Ascorbic acid (mg L-1) 197  6.80 

Total sugars (g L-1) 47.9  4.10 

Reducing sugars (g L-1) 20.3  2.40 

Non-reducing sugars (g L-1) 27.1  2.61 

Total protein (g L-1) 5.10  0.04 

Total fat (g L-1) 1.12  0.10 

Energy (kcal L-1) 320  0.25 

Total Phenol Index (mg L-1) 593  13.9 

Phenolic compounds (nmol L-1)  

     Ferulic acid-4’-O-glucoside 25.7  0.10 

     Hesperetin-7-O-rutinoside (hesperidin) 445  51.9 

     Hesperitin-7-O-rutinoside-3’-O-glucoside 11.1  3.00 

     Naringenin-7-O-rutinoside (narirutin) 133  11.7 

     Naringenin-7-O-rutinoside-4’-O-glucoside 7.70  0.90 

     Naringenin-C-diglycoside 26.5  1.90 

     Eriodictyol-7-O-rutinoside (eriocitrin) 9.70  0.70 

     Isosakuranetin-7-O-rutinoside 32.4  25.5 

     Isosakuranetin-O-rutinoside-O-hexoside 1.80  0.10 

     Apigenin-8-C-glucoside (vitexin) 12.8  0.30 

     Apigenin-6,8-di-C-glucoside (vicenin-2) 130  8.30 

     Total individual phenolics 836  53.1 

Carotenoid pigments ( mol L-1)  

     Latochrome 0.38  0.01 

     Karpoxanthin 1.60  0.04 

     Neochrome 1.41  0.03 

     Auroxantin 4.33  0.14 

     Mutatoxantin 2.77  0.09 

     (all-E)-Zeaxantin 1.81  0.09 

     (all-E)-Lutein 0.84  0.04 

     (9Z)-Lutein 0.08  0.01 

     (13Z)-Lutein 0.36  0.01 

-Cryptoxanthin 2.43  0.11 

-Carotene 1.41  0.07 

     (all-E)- -Carotene 0.11  0.00 

     (all-E)- -Carotene 0.28  0.01 

     Total individual carotenoids 17.8  0.61 

     Provitamin A (RAEs L-1) 71.0  3.26 

ORAC (mol L-1) 2306  331 
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aValues are expressed as Mean (n=3) and SD.  

TA, titratable acidity; TSS, total soluble solids; RAEs, Retinol Activity Equivalents; 

ORAC, oxygen radical absorbance capacity; FRAP, ferric reducing antioxidant power. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FRAP (mmol L-1) 5.43  0.19 
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Table 2. Anthropometric and biochemical measurements of subjects at baseline, after consumption of orange beverage (OB) for 2 weeks, and 

after 3 weeks of washout period 

 Experimental Group  Control Group 

Measurementsa Baseline  

(E-T0) 

Intervention Phase  

(E-T1) 

Washout Phase 

(E-T2) 

 Baseline 

(C-T0) 

Final 

(C-T1) 

Anthropometric       

Body weight (kg) 66.0  2.37 a 66.1  2.42 a 65.9  2.39 a  69.3  4.06 69.1  4.01 

BMI (kg m-2) 22.7  0.46 a 22.7  0.47 a 22.6  0.45 a  24.5  1.24 24.5  1.23 

WC (cm) 75.7  1.61 a 75.6  1.63 a 75.2  1.71 a  76.8  3.05 77.7  2.87 

Glucose metabolism       

Glucose (mg dL-1) 86.3  1.72 a 84.2  1.69 a 85.8  1.78 a  88.7  2.15 84.7  1.80 

Insulin (µU mL-1) 6.83  0.91 a 7.14  0.70 a 7.99  1.01 a  8.19  0.92 7.99  1.03 

Hepatic/kidney function       

GOT (U L-1) 17.9  0.96 a 21.3  2.65 a 19.9  2.51 a  17.1  0.82 18.3  1.33 

GPT(U L-1) 15.8  1.45 a 19.9  3.56 a 18.6  3.60 a  17.1   1.83 19.9  2.78 

Creatinine (mg dL-1) 0.81  0.04 a 0.78  0.04 a 0.81  0.05 a  0.82  0.04 0.78  0.04 

Hematocrit       

Hemoglobin (g L-1) 134.8  2.94 a 136.1  3.05 a 133.1  3.46 a  136.1  4.12 134.7  4.41 

Erythrocytes (x1012 L-1) 4.60  0.10 a 4.67  0.11 a 4.55  0.11 a  4.83  0.11 4.79 0.11 
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aValues are means  SEM. Experimental group (n = 15) includes subjects consuming OB during 2-wk intervention period followed by 3-wk 

washout phase. E-T0: At baseline. E-T1: At end of intervention phase. E-T2: At end of washout phase. Control group (n=15) includes subjects 

not consuming OB during a 2-wk period. C-T0: At baseline. C-T1: At end of 2-wk period. Values with different letters indicate significant 

difference (P<0.05) among E-T0, E-T1, and E-T2. *: Significant difference (P<0.05) between C-T0 and C-T1.  

BMI, body mass index; WC, waist circumference; GOT, glutamate oxaloacetate transaminase; GPT, glutamate pyruvate transaminase. 
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Table 3. Antioxidant status of subjects at baseline, after consumption of orange beverage (OB) for 2 weeks, and after 3 weeks of washout period 

                           Experimental Group                      Control Group 

Antioxidant statusa Baseline 

(E-T0) 

Intervention Phase 

(E-T1) 

Washout Phase 

(E-T2) 

 Baseline 

(C-T0) 

Final 

(C-T1) 

Plasma antioxidant capacity       

ORAC (mmol L-1) 11.1  0.79 a 19.8  2.08 b 11.4  1.18 a  14.9  1.25 17.3  1.45 

FRAP (mmol L-1) 1.42  0.07 a 1.39  0.04 a 1.49  0.03 a  1.30  0.04 1.30  0.04 

Endogenous antioxidant 

compounds 

      

Albumin(mg dL-1) 4.35  0.10 a 4.37  0.06 a 4.33  0.80 a  4.27  0.08 4.06  0.07 

Bilirubin(mg dL-1) 0.74  0.10 a 0.76  0.15 a 0.84  0.15 a  0.45  0.04 0.47  0.05 

Uric acid (g dL-1) 4.53  0.33 a 4.12  0.31 b 4.14  0.32 b  3.81  0.28 3.79  0.34 

Glutathione (µmol L-1)  112.8  6.42 a 101.2  7.64 a 78.8  6.31 a  122.7  7.08 100.4  7.04* 

Antioxidant enzymes activities       

CAT (U mg prot-1) 17.2  0.67 a 13.2  0.77 b 11.3  0.52 b  18.1  0.86 16.7  1.30 

SOD (U mg prot-1) 27.5  2.62 a 27.0  2.72 a 22.7  1.95 a  28.8  3.17 30.2  3.05 

GPx (mU mg prot-1) 11.7  1.59 a 10.0  1.44 a 11.2  1.43 a  13.7  1.88 11.7  2.28 

GR (mU mg prot-1) 1.70  0.06 a 1.57  0.05 a 1.63  0.09 a  1.62  0.09 1.61  0.07 

aValues are means  SEM. Experimental group (n = 15) includes subjects consuming OB during 2-wk intervention period followed by 3-wk 

washout phase. E-T0: At baseline. E-T1: At end of intervention phase. E-T2: At end of washout phase. Control group (n=15) includes subjects 
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not consuming OB during a 2-wk period. C-T0: At baseline. C-T1: At end of 2-wk period. Values with different letters indicate significant 

difference (P<0.05) among E-T0, E-T1, and E-T2. *: Significant difference (P<0.05) between C-T0 and C-T1.  

ORAC, Oxygen Radical Absorbance Capacity; FRAP, Ferric Reducing Antioxidant Power; CAT, catalase; SOD, superoxide dismutase; GPx, 

glutathione peroxidase; GR, glutathione reductase; prot, proteins. 
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Table 4. Lipid metabolism and lipid peroxidation of subjects at baseline, after consumption of orange beverage (OB) for 2 weeks, and after 3 

weeks of washout period 

     Experimental Group  Control Group 

Lipid markersa Baseline 

(E-T0) 

 Intervention Phase 

(E-T1) 

Washout Phase 

(E-T2) 

 Baseline 

(C-T0) 

Final 

(C-T1) 

Lipid metabolism       

TC (mg dL-1) 178.8  10.1 a 179.1  9.04 a 180.7  9.25 a  191.3  10.2 188.9  11.1 

LDL (mg dL-1) 92.8  9.32 a 97.2  7.36 a 100.5  7.16 a  110.1  11.0 105.1  10.6 

HDL (mg dL-1) 59.9  4.94 a 64.7  4.08 a 67.7  4.32 a  61.7  6.06 60.5  5.95 

TG (mg dL-1) 65.8  5.56 a 77.6  8.31 a 62.7  5.97 a  85.0  9.10 90.7  10.4 

Apo A-I (mg dL-1) 116.3  18.2 a 94.9  9.92 a 109.1   13.1 a  91.4  28.8 105.4  19.5 

Apo B (mg dL-1) 237.4  50.2 a 237.0  44.6 a 235.0  41.7 a  122.8  7.32 133.9  9.06 

Lipid peroxidation       

TBARS (nmol mL-1) 7.31  0.30 a 5.10  0.52 b 3.77  0.16 c  7.07  0.17 4.73  0.43* 

oxLDL (µg mL-1) 244.1  34.4 a 218.4  21.4 ab 185.8  14.3 b  232.7  25.2 252.9  25.6 

aValues are means  SEM. Experimental group (n = 15) includes subjects consuming OB during 2-wk intervention period followed by 3-wk 

washout phase. E-T0: At baseline. E-T1: At end of intervention phase. E-T2: At end of washout phase. Control group (n=15) includes subjects 

not consuming OB during a 2-wk period. C-T0: At baseline. C-T1: At end of 2-wk period. Values with different letters indicate significant 

difference (P<0.05) among E-T0, E-T1, and E-T2. *: Significant difference (P<0.05) between C-T0 and C-T1.  
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TC, total cholesterol; TG, triglycerides; Apo, apolipoprotein; TBARS, thiobarbituric acid reactive species; oxLDL, oxidized low-density 

lipoproteins cholesterol. 
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Table 5. Endothelial function and inflammation biomarkers of subjects at baseline, after consumption of orange beverage (OB) for 2 weeks, and 

after 3 weeks of washout period 

 Experimental Group  Control Group 

Endothelial function and 

inflammation markersa 

Baseline 

(E-T0) 

Intervention Phase 

(E-T1) 

Washout Phase 

(E-T2) 

 Baseline 

(C-T0) 

Final 

(C-T1) 

sVCAM-1(ng mL-1) 638.8  66.0 a 633.2  66.9 a 574.0  51.3 a  492.6  22.8 505.4  23.6 

sICAM-1 (ng mL-1) 133.1  7.15 a 122.4  9.55 a 134.7  11.9 a  157.8  13.0 184.7  16.9 

cf-DNA (GE mL-1) 221.5  31.1 a 229.3  41.3 a 296.2  27.9 a  266.8  25.1 234.1  35.2 

EMPs (U L-1) 165.4  30.8 a 193.5  30.4 a 182.8  31.5 a  169.6  27.4 177.7  34.5 

CRP (mg L-1) 1.93  0.78 a 1.89  0.80 b 2.47  1.14 ab  1.44  0.43 3.84  2.02 

aValues are means  SEM. Experimental group (n = 15) includes subjects consuming OB during 2-wk intervention period followed by 3-wk 

washout phase. E-T0: At baseline. E-T1: At end of intervention phase. E-T2: At end of washout phase. Control group (n=15) includes subjects 

not consuming OB during a 2-wk period. C-T0: At baseline. C-T1: At end of 2-wk period. Values with different letters indicate significant 

difference (P<0.05) among E-T0, E-T1, and E-T2. *: Significant difference (P<0.05) between C-T0 and C-T1.  

sVCAM-1, soluble vascular cell adhesion molecule 1; sICAM-1, soluble intercellular adhesion molecule 1; cf-DNA, circulating cell-free DNA; 

GE, genome equivalents; EMPs, endothelial cell-derives microparticles; CRP, C-reactive protein. 
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